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PURPOSE: To enable the employment of an oi^ganic substance or the like which 
is difficult to be used conventionaJly by fonning a semiconductor fihn by use 
of Lan ginuir-Blo4gett's technique. 

CONSTtrUlTON: P-type semiconductor substance 2 is solved in a solvent of 
high evaporative property such as chloroform and the drops of its are' dropped 
on the surface of water one by one. The solvent evaporates soon and a single 
molecule ftbn of the P-type semiconductor substance 2 is formed oo the water 
surface. This single molecular film is formed on a surface of a metallic substrate 
1. After similar process, an N-type semiconductor layer 3 is formed on the 
P-type semiconductor layer 2. These processes are repeated in order to accumu- 
late the desired number of PIN layers. On the last N-type semiconductor film, 
a transparent conductive film 4 such as of ITO (InSn Oxide) or NESA glass 
is evaporated to compose an electrode, and a layer-built solar cell u fabricated. 
The reason why an Mayer 5 is formed is that a length of an alii^tic compound 
is longer than that of a coloring matter and the layer of only the aliphatic 
compound is foimed between a P-type coloring matter and an N-type coloring 
matter to become an insulating layer. 
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Specifications 

1. Title of the Invention 

Method for Fabricating Layer-Built Solar Cell 

2. Claim 

(1) A method for fabricating a layer-built solar cell 
constituted from a metal substrate, a semiconductor layer 
comprised by accumulating a PIN structure comprising a first 
conductive type semiconductor layer, high resistance layer and 
second conductive type semiconductor layer on the aforementioned 
metal substrate, and a light permeable conductive film formed on 
the aforementioned semiconductor layer; said method for 
fabricating a layer-built solar cell characterized by the 
aforementioned semiconductor layer being prepared by using a 
Langrauir-Blodgett • s technique . 

(2) The method for fabricating a layer-built solar cell of 
Claim 1 wherein the aforementioned semiconductor layer is formed 
from an organic compound. 

(3) A method for fabricating a layer-built solar cell 
constituted from a substrate having a light permeable, conductive 
layer, a semiconductor layer comprised by accumulating a first 
conductive type semiconductor layer on the aforementioned 
substrate, a high resistance layer and a second conductive type 
layer, and a metal layer formed on the aforementioned 
semiconductor layer; said method for fabricating a layer-built 
solar cell characterized by the aforementioned semiconductor 
layer being prepared by using a Langmuir-Blodgett's technique. 

2 
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3. Detailed Specifications 
(Field of Industrial Utilization) 

This invention pertains to a solar cell, and in particular, 
a method for fabricating a layer-built solar cell having a 
structure in which a PIN layer is accumulated. 
(Prior Art) 

A variety of solar cells have been developed and made 
practical in the past from the standpoint of conserving energy. 
However, in all cases, room for many improvements still remains 
from the standpoint of production costs, energy conversion 
efficiency, and the like and various improvements are being 
performed . 

For example, in order to increase the energy conversion 
efficiency thereof in an amorphous silicon (abbreviated a-Si in 
the text that follows) solar cell, a method for sequentially 
laminating a PIN structure formed from a-Si:H in multiple 
longitudinal directions was offered by Hamakawa, et al. A 4 % 
cell conversion efficiency was actually obtained (e.g,, Hamakawa, 
et al.: Appl, Phys. Letters 35, 2, 1979). 

In addition, in Digest Tech. Papers of 3rd Photovoltaic Sci. 

& Eng. Conf, in Japan, 107, 1982, Nakamura, et al. reported that 

the cell conversion efficiency thereof was increased in order by 
6.88 %, 7.73 % and 8.5 %, respectively, when solar cells were 
constituted by laminating a PIN structure as one, two and three 
layers from a-Si:H/a-SiGe:H. 
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Purtherrnpre, Hamakawai et al. roughly estimated that the 
energy conversion efficiency thereof only slightly decreased even 
if the thicknesses of the semiconductor layers constituting the 
solar cell were reduced (e.g., Hamakawa, et al.: Proc. Int. Conf. 

Photovoltaic Solar Energy, 22, 1980). 

Consequently, according to the above-mentioned reports, it 
is possible to obtain a solar cell with an extremely high energy 
conversion efficiency per unit area if a thin solar cell unit, 
such as a solar cell by overlapping multiple PIN structures, is 
constituted. 

(Problems Which the Invention Intends to Solve) 

However, it is impossible to make the thickness of a thin 
film formed to several thousands of A or less in a plasma crVD 
(chemical vapor deposition) method, which is a fabrication method 
used in the past. The number of laminated layers is limited to 
about 10, depending on the conditions demanded of the 
semiconductor thin films constituting the solar cell. 

Moreover, in conventional methods of manufacture, after 
making the semiconductor substance a vapor under reduced 
pressure, the semiconductor substance is vapor deposited on the 
substrate by a chemical reaction; hence, the materials capable of 
being used are limited in the long run from the standpoint of 
vapor pressure, chemical reactivity, etc. 

For that reason, the objective of this invention is to offer 
a method for fabricating a solar cell with high energy conversion 
efficiency wherein the type of semiconductor material being used 

4 
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is not limited. 

(Means Used to Solve the Problems) 

In this invention, the semiconductor layers constituting the 
solar cell are made a structure wherein a PIN structure is 
accumulated, and the semiconductor films forming the 
aforementioned PIN structure are formed by using a 
Langmuir-Blodgett 's technique • 

The substance forming, the semiconductor layer is preferably 
an organic substance. 
(Effects) 

A Langmuir-Blodgett ' s technique is used; hence, extreme 
manufacturing conditions including reduced and high pressure as 
well as high and low temperatures and the like are not necessary, 
it is possible to prepare the semiconductor layer at mild 
temperatures, and an organic substance that was difficult to use 
in the past and the like may be used. Consequently, the types of 
material that can be used in the solar cell have increased. 

In addition, since a Langmuir-Blodgett *s technique is used, 
the semiconductor film constituting the semiconductor layer is 
formed from a monomolecular film; hence, fabrication of a 
structural unit (one PIN structure) with an extremely thin film 
is enabled and it is possible to accumulate an exceedingly large 
number of structural units. Consequently, it is possible to 
increase the energy conversion efficiency of a solar cell, 

(Practical Examples of the Invention) 
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First of all, the Langmuir-Blodgett » s technique is well- 
known in, for instance, Iwanam-i'g Phyg-irg rhAmighry nirfinnary. 
3rd Ed. pp. 1188-1189, and the like, but a Langmuir-Blodgett • s 
technique is explained simply next. 

First of all, the surface of water is divided into two 
surfaces by placing a silk thread along the middle. If a sample 
that dissolves in a suitable solvent, such as benzene or ether, 
is dripped onto one side one drop at a time, the solvent 
evaporates immediately and a monomolecular film is formed on the 
water surface. After the silk thread is sufficiently stretched, 
this is maintained in a compressed state by letting oil with a 
large surface pressure (abbreviated piston oil) drop on the other 
side. If a metal or glass plate whose surface has been cleauily 
polished is pulled out through the sample side, the monomolecular 
film on the water surface migrates to the solid surface in a 
shape A wherein polar, organic groups turn towards the top of the 

plate. If this plate is pushed into the water again, the 
inorganic polar groups stay close together and a film in a shape 
B is made on A toward the back side of A. AY built-up film ABAB 

is formed by repeating this method. If the pH of the water is 
made suitable, it is also possible to make a Z built-up film in 

the shape of AAA. . . and an X built-up film in the shape of 

ABB.... This method is also called a Blodgett*s technique, and 

it is often generally used as a method in which a built-up film 
is made. The solar cell is prepared by using the above-mentioned 
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method. 

A method for fabricating a certain layer-built is explained 
next in a practical example of this invention by referring to 
Figure 1. 

Figure 1 is a drawing that shows a constitution of a layer- 
built solar cell, which is a practical example of this invention, 
A P-type semiconductor film 2 is constituted from molecules 

con5)rising a coloring matter, which is, for instance, 
melocyanine, and an aliphatic compound. In addition, an N-type 
semiconductor layer 3 is constituted from molecules comprising a 
coloring matter, which is, for instance, triphenyl methcuie, and 
an aliphatic cotqpound. A substance wherein the length of the 
chain of the aliphatic compound is 2oA to 30A, such as stearic 
acid CH3(CHa)C00H, and generally, CH3)„C00H is used here. 
Molecules wherein a coloring matter and an aliphatic compound are 
mixed with semiconductor films 2 and 3 is used because it is 

difficult to constitute a monomolecular film from only a coloring 
matter. The preparation method is explained next. The P-type 
semiconductor stibstance 2 is first dissolved in a solvent with a 
high evaporative property, such as chloroform, and subsequently 
dropped one drop at a time on the surface of water. The solvent, 
such as chloroform, immediately evaporates and a monomolecular 
film of the P-type semiconductor sxibstance 2 is formed on the 
surface of the water. A monomolecular film of this P-type 
semiconductor siibstance 2 is formed on the surface of the metal 
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substrate 1. The N-type semiconductor layer 3 is formed on the 

p-type semiconductor layer 2 via the same process. Only a 

prescribed number of PIN layers are accumulated by repeating this 
process. An electrode is constituted by vapor depositing a 
transparent conductive film 4, such as ITO (InSn oxide) or NESA 

glass, on the final N-type semiconductor film. A layer-built 
solar battery is prepared by the above-mentioned process. 
An i- layer 5 is formed here because the length of the 

aliphatic compound is longer than the length of the coloring 
matter; hence, a layer of only the aliphatic cott5)ound is formed 
between the P-type coloring matter and the N-type coloring matter 
to constitute an insulation layer. 

An electric current to this solar cell is generated by 
irradiating light on the ITO 4. 

Moreover, a semiconductor layer is formed on the metal 
Slabs t rate in the above-mentioned practical exait^le and a 
transparent conductive film, such as of ITO, is subsequently 
formed. However, light transmits through it by utilizing the 
metal luster just when the ITO is vapor deposited; hence, it 
should be heated to several hundred degrees (*C) in order to make 
an ITO having light permeability. In this case, there is risk 
that it will decompose during this heat treatment process due to 
the substance used in the semiconductor layer (especially in the 
case of an organic material) . Thus, in order to eliminate this 
kind of drawback, a method is effective in which ITO or NESA 
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glass is vapor deposited, a semiconductor layer is formed by 
accumulating semiconductor films on a glass substrate made 
transparent by heating next using a Langmuir-Blodgett » s 
technique, and a metal film serving as the electrode is finally 
formed by vapor deposition. In this case, formation of the metal 
film is possible at a low temperature and the substance 
constituting the semiconductor layers does not decompose during 
formation of the metal film. 

In addition, an orgamic semiconductor material is used in 
the above-mentioned practical example, but it is needless to say 
that the semiconductor material being used is not limited to an 
organic semiconductor material . 

Also, ITO or NESA glass is used as the light permeable 
conductive film in the above-mentioned practical example, but it 
is not limited to this; a film having light permeability should 
be used. 

(Merits of the Invention) 

As stated above, in this invention, a solar cell is prepared 
by using a LAN-FMBS connection system to form semiconductor 
layers. Consequently, extreme preparation conditions, such as 
reduced pressure, high pressure, high temperature and low 
temperature, are not necessary and the semiconductor layers may 
be synthesized under mild conditions; hence, aui organic material 
or the like may be used as the semiconductor material and the 
types of material used in the solar cell are increasing large- 
scale. 
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In addition, the semiconductpr layers may be formed by 
sequentially accumulating semiconductor monomolecular films; 
hence, it is possible to make the film thickness of one PIN 
structure 100 A or less. As a result, a solar cell may be 
prepared with an exceedingly large number of PIN structures; 
hence, it is possible to increase the energy conversion 
efficiency large-scale. 
4. Brief Description of the Figures 

Figure 1 is a drawing that shows a constitution of the solar 
cell, which is a practical example of this invention. 

In the drawing, 1 is a metal substrate; 2 is a P-type 

semiconductor film; 3 is an N-type semiconductor film; 4 is ITO; 

5 is a high resistance layer. 

Moreover, the same codes in the drawing denote the same or 
corresponding parts. 

Figure 1 

Key: (1) metal sxibstrate; 2: P-type semiconductor film; 3: N-type 
semiconductor film; 5: high resistance layer; I: current 
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